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Wcj The Distili^ee^ Qompaky 
LiMiTE3D, a Britisb Company, of 12, 
Torpicien Street, Edinbnrgn, 3, Scotland, 
Assignees of I^sro Olavi Sekko and 
5 Ejchabd Stajtxby GEORaB, both Citizens 
of the United States of America, of 3200, 
West Second Street, City of Wilmington* 
State of Delaware, and Centerville fioad, 
H.D. No. 1, City of Wilmington, State 

10 of Delaware, XTnited States of America, 
do hereby declare the nature of this 
invention and in what mann^ the same 
is to be performed, to be particularly 
described and ascertained in and by the 

16 following statement: — 

This invention relates to a process .for 
the conversion^ of altyl - substituted 
aromatic organic compounds having the 
stnictnral formula: — 



20 



Aiwi-H 

i 



to phenols. In the structural formula 
and represent alkyl groups and Ar 
represents an aryl or alkaryl group. More 
particularly, the invention relates to a 

25 continuous process for the conversion of 
compounds such as cumene to phenols. 

There have been numeroos processes 
developed for the purpose of producing 
phenols synthetically due to the fact that 

30 the demand for i^henols, such as the 
cresols and phenol itself far exceeds the 
amount which may be recorered in Ihe 
refining of coal tar. Only a limited num- 
ber of the processes for the preparation of 

85 phenol have proved sufficiently satis- 
factory to be applicable to commercial 
production. One of these involves the 
sulphonation of benzene . and the for- 
mation of sodium benzene sulphon- 

40 ate which is fused with sodium 
phenolate. The phenolate upon acidifica- 
tion yields phenol, which may be puri- 
fied by distillation. However,^ probably 
the most widely used commercial process 

i& today for the preparation of phenol is that 

IPrico 2/8] 
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of hydrolyzing chlorobenzene with 
aqueous s odium hydroxide under con- 
ditions of high temperature and pressure 
to produce sodium phenolate, which then 
is acidified to give phenol. The chloro- 
benzene may be prepared either by direct 
chlorination of benzene or by dhlorination 
with a mixture of hydrogen chloride and 
oxygen. ^ 

Even those processes which have been 
adapted to commercial production of 
phenol are not entirely satisfactory. Thev 
require large equipment inyestment ana 
installation to provide facilities for the 
raw materials used, and they must be 00 
operated on the basis of l^rge production 
capacity in order to produce phenol at a 
reasona1>le price. In addition, the pro- 
cesses are disadvantageous because of the 
many steps involved, the deterioration of 65 
equipment due to the use' of corrosive raw- 
materials^ and the considerable problem 
of disposal of waste waters contaminated 
with phenol. 

In our copending Application Number 70 
32604/48 (Serial No, 676,772) we have 
described and claimed a process for pro- 
ducing certain tertiary ' organic hydro- 
peroxides by intimately contacting alkyl- 
substituted aromatic organic compounds 75 
baring the stmctai^ formula: — 

AiJ^-H 

i 

in which Ei and Ro represent alhyl groups 
and Ar represents an aryl or alkaryl group 
in liquid phase with an oxygen contain- SO 
in^ gas in the presence of a peroxidic 
oxidation initiator in the manner set forth 
in the first step of the present process. 

In our copending Application Number 
32601/48 (Serial No. 676,771) we have 85 
described a process of preparing phenols 
by contacting the above-described ter- 
tiary organic hydroperoxides with a cata- 
lyst capable of decomposing the hydro- 
peroxides in non-aqueous medium in the 90 
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manner set fortk in the second step of iihe 
present process. 

In the proems of the present invention 
the unreacted aJiyl-snbstitnted aromatic 

5 organic compound is separated from the 
other components of the reaction mixture, 
pjurified and recyded hack to the oxida- 
tion step. Thus, there is prorLded a con- 
tinuonB process of producing a phenol 

lO from . an alkyl-substital^d aromatic 
organic compotind. S ' 

N^ow in accordance with this invention, 
it^ has been found that phenols and 
aliphatic ketones ma^ be prepared simply, 
15 efiunenfly, economically and simui- 
taneoudy firom an aSiyL .snbstitated 
anxEnatic compomid''^ the foimnla: — 
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in which and ^ irepresent alkyl groups 
^ and At represents an aryl or alkaryl group 
by adding a peirozidic &5e-Tadieal liberat- 
ing, initiator to fiaii organic compound, 
contacting the mixture in th« Hguid phase 
under anhydrousi conditions with a mole- 
cular oxygen cpntaioiag gas to obtain an 
organic hydroperoxide^ contacting the 
hydroperoxide cohtaaning reaction . 'mix;- 
ture under substantially anhydrous con- 
diti<ms with decomposiidon . agent as 
30 hereinafter defined;" separatiijg iu known, 
manner the aliphatic ketone/ phenol and 
unreacted alk3rlraubstituted aromatic com- 
pound, purifying said uiireacted aromatic 
compound tmd recycling the purified" com- 
pound, to the. -c^sidation stage, . .By 
'* known manner " is. undeistood . any 
method which has been described in the 
Kterature or would l>e,known to the skilled 
chemist to be suitable for the separation 
^ of phenol and aliphatic ketone from, such 
hydrocarbons. 

The present process is straightforward 
and is free from all the disadvantages con- 
nected with the other processes discussed. 
45 In addition to producing phenols, the pro- 
cess at the same time produces aliphatic 
ketones as TaluaMe products. . This also 
is in contrast to previous processes for 
preparing phenols.' 

lit carrying out IQie* process, of this 
invention, a peroxidic oaddation ujitiator 
such as ajOHJunethylbenzyl hydropeifetde' 
is added to cnmene/ fox esEample, con- 
tained in an .oxidation unit, .azid. the . 
reaction mixture is agitated vij^xpuely 
while a atreajn .of* air or OTygen is simul- 
taneously passed through "Qi© reactio.n 
mixture. The.oxidafcion is carried out at 
a temperature, for ' example, between 
60 about 50' and about. 100" 0. tmta stan- 
dard analytical data indicate thai suffi.* 
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cient conveision of the cumene to a,a- 
dimethylbenzyl hydroperoxide has^ taken " 
place. The oxidation reaction mixture, 
which contains the a,<b-dimethylbenzyl 65 
hydroperoxide and some unreacted 
cumene, then may be transf eared,, with or • 
without first stripping the mixhure of some 
of the oumene^ to a- reactor which is 
charged wii^ a decompositi(m catalyst 70 
such as an acid-treated oen'^nite. The 
oxidatipn reaction mixture is brought into 
oontfcct with the caialyst at a tempera- 
ture of about 20* C, for example, and by 
so doing the a,a-dimethylb€nzyl hydroper- 75 
oxide iB decomposed to phenol and acetone. 
Throngi xise of suitable condensation and 
distillatioiL units the phenol, acetone and 
unreacted cumene are separated from each 
other, and - the recovered - cnmene is re- 80 
cycled -to- the oxidation unit for .further 
oxidation, after first being purifie3 of any 
traee'i. of. phenol, since the presence of 
even minute amounts of phenol in the 
cumene .will;__retard the oxidation of the 85 
latter, /T5a"s puri^.cation of the ?^cycle 
Ctimene is 'aecdmpU&hed either T>y a very 
efficient separation during .the original 
distillation in which- the cumene' and 
phenol aire separated from each other, or 90 
by a subsequent disftillaiion of the origiaal 
cumene diitillate. • ■ 

.The . following' examples constitute 
specific illustrations of the embodiments 
of the invention generally outlined above. 95 
All amounts are bass^ on parts by weight. 

EsZ^HPEEnl. 

The equipment used in this process was 
cpmposed mainly of 2 units, one for the 
oxidation and the other for the decompo- lOU 
sition reacitioru Both units were con- 
structed bf stainless steel and each reactor ' 
was fitted with suitable condensation and 
agitation units. In addition, the decom- 
position reactor was equipped with a dis- 105 
tdHatibn unit for separation of the com- * 
ponents of . the decomposition reaction. 
The oxidation reactor was charged with 
502 parts of comene . and there then was 
added, to th© cumene 36 parts of oxidized 110 
cumene f?dm a previous run, -Qiis oxidized 
cumene containing 46.3% of a,a-dimethyl- 
benzyl hydroperoxide, 'nie-reaction mix- 
ture was brought- ta-a- temperature of 90' 
G;; 'ffiea^ois^gen: was introduced into the i 15 
reactor.at the rate of about 200 cc./min./ 
kg. of cumeiie. Samples were taken at ■ 
periodical u^teryals for' refractive index 
and hydroperoxide determinations, the - 
hy^droperoxide content of && oxidized oil' 12L' 
being defeimined by adding a sample of 
the oil to acidified potaBsium iodide and 
noting the amount of iodine liberated. At 
the^emi of 46,5 hours the oxidized oils had 
a r^ractive index wliich indicated a con- 125 
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versioii of approximately 51.1% of cumene 
to cxidiz&d materials and the hydroper- 
oxide content was 50.7%. This oxidation 
reaction mixture then was transferred to 
5 the decomposition reactor which contained 
11.2 parts of montmorillonite. The tem- 
perature of the reactor and it contents 
was brought to 100" C. At the end of 3.5 
hours the hydroperoxide had decomposed 
10 to the extent of 69% and at the end of 7 
hours 82%. Upon completion of the reac- 
tion the reaction mixture was passed 
through a filter bed to remove ihe mont- 
morillonite catalyst and the reaction mix- 
15 ture then was stripped of acetone and the 
remaining product distilled at a pressure 
of about 150 mm. of mercury using a re- 
flux ratio of about 5:1. By this distilla- 
tion the phenol and unreacted cmnene 
were efSciently separated. The recovered 
cumene was free of phenol and was re- 
cycled to the oxidation reactor for further 
oxidation in combination with additional 
fresh cumene. The amount of phenol 
2o recoTered by the distillation was 93% of 
the theoretical amount based on the 
amount of hydroperoxide originally 
present. 

EXAMFI£ 2. 

•iO ITsinff the apparatus described in 
Example 1, 600 parts of cumene (refrac- 
tive index at 20 • C. 1.4905) to which was 
added 30 parts of oxidized cumene from 
a previous run, this oxidized cumene con- 

35 tainiUj^ 60% of a,a-dimethylbenzyl hydro- 
peroxiae, was oxidized at 50* C. using air 
at the rate of about 335 cc./min./kg. of 
cumene. When the oxidized oils had a re- 
fractive index of 1.4990, this indicatinflr 

40 a conversion of approximately 27.3% of 
the cumene to oxidized materials, the reac- 
tion mixture was transferred to the reac- 
tor in which the .decomposition was carried 
out. The oxidized oils contained 26.9% of 

41 a,a-dimethylbeuzyl hydroperoxide. In the 
decomposition reactor there then was 
added to the oxidized oils a solution of 
18.1 parts of anhydrous ferric chloride dis- 
solved in approximately 837 parts of 

50 anhydrous cumene. Immediate reaction 
occurred and at the end of 15 minutes the 
hydroperoxide was completely decomposed 
as indicated by withdrawing a sample of 
the reaction mixture and testing for 

56 hydroperoxide content by washing* the 
sample with aqueous sodium hydroxide to 
precipitate the iron, filtering, adding the 
filtrate to acidified potassium iodide, and 
noting the amount of iodine liberated. 

60 The reaction mixture was worked up as in 
Example 1 and the yield of phenol was 
98% of the theoretical based on the amount 
of hydroperoxide originally present. As 
in Esample 1, the recovered cumene was 

t>5 recycled to the o^dation unit. 



The same type of apparatus as used in 
Example 1 was utilized in the present 
example with the exception that the oxi- 
dation reactor was constructed of nickel. 70 
To the oxidation reactor was charged 
5000 parts of cumene to which 207 parts of 
oxidized cumene containing 72.4% of 
a,o.diniethylbenzyl hydroperoxide had 
been added. Oxygen was passed through 75 
^TA^^^i'^^^ mixture for 12 hours at a rate 
of 0.02 r 6 cu. ft./min./kg. of cumene. Dur- 
ing the oxidation the temperature within 
the reactor was maintaned at 120" C. and 
the pressure at 60 lb. /sq. in. At the end o£ 80 
1^ hours there was obtained 5984 parts of 
?o^^® reaction product which contained 
33.4% a,a-dimethylbenzyl hydroperoxide. 
This reaction product then was trans- 
ferred to the decomposition reactor which 85 
contained 38 parts of an acid-treated 
bentonite suspended in 500 parts of anhy- 
drous benzene. The oxidation reaction pro- 
duct was gradually added to the suspen- 
fiion of the catalyst. During the resulting 90 
decomposition reaction the reaction mix- 
^^e was maintained at a temperature of 
270" C. and the pressure within the reac- 
tion vessel at 190 mm. The reaction was 
complete with 100% decomposition of the 95 
hydroperoxide in 20 minutes. The de- 
composition reaction mixture then was 
passed through a filter bed to remove tiie 
bentonite catalyst and the filtrate dis- 
tilled at a pressure of 15 mm. The yieldlOO 
of phenol recovered by the distillation 
was 94.8% of the theoretical based on the 
amount of sa-dimethylbenzyl hydroper- 
o^de originally present. There also was 
obtained, based on the hydroperoxide, a 105 
yield of acetone which was 95% of the 
theoretical, this product being* recovtted 
from the condensation units with which 
i]ie ..^decomposition reactor was equipped. 
As a result of the distiDation the nn^ilO 
reacted cumene was obtained free of 
phenol and was recycled to the oxidation 
unit. 

Fsing the aMaratus described in 115 
li-xa-mple 1, the oxidation unit was charged 
with 502 parts of cumene (refractive index 
at 20- C. 1.4912), 38 parts of oxidized 
cumene containing 46.3% a,o^methyl-. 
benzyl hydroperoxide and 7.6 parts of 120 
sodium Tz^bntoxide. Oxy^g^ was passed 
into the solution at a rate of about 200 
cc./min./kg. of cumene. lie reaction 
^ carried out at a temperature of 90' C. 
When the refractive index of the reaction 125 
mixture reached a value of 1.5076 the 
reaction product was transferred to the 
decomposition reactor. The amount of 
^'"^^ethylbenzyl hydroperoxide wns 
ol.8% and the .total conversion was 57%. 180 
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To the oxidation reaction niistnre ^&re 
wns tlen added at 20** C. a solution of 27 
parts of toron trifluoride-etherate dis- 
solved in approximatdy 900 parts of anhy- 
5 drous cumene. Immediate reaction 
occurred and the temperature of the reac- 
tion rose. At the end of 15 minutes a 
sample of the reaction mixture was with- 
drawn and tested fox hydroperoxide con- 

10 tent. 1^0 hydroperoxide remained in the 
reaction mixture. Upon worJong" up the 
reaction mixture as descrihed in Ikample 
1, phenol was obtained in an amount 
which was 85% of the theoretical yield 

15 based on the amount of hydroperoxide 
originally present. 

Using an apparatus similar to that of 
Exampk 1, the apparatus was charged 

2U with 575 parts of cumene (refractive index 
at 20' C. = 1.4926). To the cumene was 
added 25 parts of oxidized cumene con- 
taining 80% of a,a^dimethylben2yl hydro- 
peroxide. There also, was added 1 part of 

25 sodium hydroxide pellets. The reaction 
mixture was brought to a temperature of 
90 C. ajid oxygen was pltssed tiirough the 
nuxture at a rate of about I75 cc. / min. / 
kg. of Qumene. At the end of 2i ^ours the 

30 reaption mixture had a refracti-^e index 
* of 1.5(^3, this indicating a conversion of 
approximately 38.7% and the hydroper- 
oxide content was 34.4%. The oxidation 
was continued for a total of 41 hours 

85 dapsed time, at . the end of which the 
reaction product, had a refractive index 
of 1.5091, -fliis indicating a conversion of 
about 61.8%. The hydroperoxide content 
was 53%. The oxidation reaction misctnre 

40 then was transferred to the decomposition 
unit which was charged with 200 parts^ of 
an acid-treated bentonite. The* oxidation, 
reaction mixture was dowly dropped on 
the bentonite which was heated to a tem- 

45 peratnre of 360" C. ^ The pressure in the 
system was maintained at 36 — 44 mm. 
35istiIlation of the material collected iu 
the condensation units resulted in a yield 
of phenol which was 69.8% of the 

50 theoretical. 

The apparatus of example 1 was util- 
ized and to the oxidation unit were added 
400 paaiis of diisopropylbenzene and^ 2 

55 parts of benzoyl peroxide. The reaction^ 
mixture was heated to 90* 0, and oxygcai 
was passed through the mixture at a rate 
of 250 cc./min./ig- of diisopropylbcn- 
zene. "When the refractive iadex reached 

6d a value of 1.4939 the reaction jjroduct was 
transferred to the. decomposition unitr 
The reaction product contained 17% 
of a,a,a\a*-tetramethyl-y-xylylene di- 
h3rdrop&roxide. To the oxidation reaction 

II mixture there-ihen was added 4.2 parts 



of an acid-treated bentonite. The reac- 
tion mixture was stirred at 20' G. for 1.5 
hours, iien heated slowly to 76" C. oyer 
a period of 7 hours. During this period 
there were added to the reaction mixture 70 
3 additional portions^ 3 parts each^ of the 
acid-treated oentonite catalyst. At the 
end of this time the dihydroperoxide had 
decomposed to the extent of 84.8%." Tie 
reaction misffcure was passed through a 75 
filter bed to remove the catalyst, then the 
filtrate was stripped of the benzene, ace- 
tone, and a portion of the unreacted diiso- 
propylbenzene. The remaining^ material 
was distilled at a pressure of 1.0 mm., W 
there being obtained hydroquruone in a 
yield which was 65% of the theoretical 
based on the amount of dihydroperoxide. 
The combined portions of recovered diiso- 
propylbenzene were redistilled, then the 86 
uiified material was recycled to the oxi- 
ation unit. 

ExAMPI^B 7. 

utilizing' the apparatus described in 
Example 1 and following the procedure of 90 
Example 6, 4fl0 parts of jMiymene to 
which had been added 4 parts of f-butyl 
hydroperoxide was oxidized xmtil the re- 
action product had-a refractive index of 
1.4960, This reaction product contained 95 
10% a,a-dimeiiyl-y-methylbenzyl hydro- 
peroxide. After being transferred to the 
decomposition unit, the oxidation reaction 
product was brought into contact with a 
suspension of 1.7 parts of an acid-treated 100 * 
bentonite in 40 parts of anhydrous ben- 
zene. The initial temperature and pres- 
sure were 24° 0. and 760 mm. The rate of 
■"reaction was increased by lowering the 
pressure to 100 mm. and raising the tern- 105 
perature to 38" C. Upon completion of 
the decomposition reaction, the reaction, 
mixture was distilled at a pressure of 12 
mm. The yield of p^crespl recovered by the 
distillation was 81% based on the amount 110 
of <L,<i-dim^thyl-23Hmethylbenzyl hydbo- 
peroxide originally present. Thep-cymene 
recovered by the distillation was given a 
wash with a small amount of 10% aqueous 
sodium hydrosdde in order to remove 115 
traces of 2>-caresol. After being dried the 
purified 2^c;ymene was recycled to thf 
oxidation .unit. * . " * 

^-'Using the apparatus of Example 1, 12p- 
cumene was coti&iuously fed inio^. the'' 
oxidation unit, the amount of cumene in 
the unit being maintained at the level of 
about 5000 jparts by weight. TVithui lie 
tmit the oxidation was caxzied out con- 125 
tinuously, using oxygen. as.-&e oxidising 
agent, at a temperature -o^ 120' £7- and a 
pressure- of 60 Ib./sqT in. The flow of 
oxygen throxigh the' reaction mirture was 
mainlaiaed at 0.0276 cu. ft, /min. /kg. of 130 
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cucaene. The oxidation reaction originally 
was initiated by addition of 200 parfe of 
oxidized cumene cont-aining 75% of a,a- 
dimethylbenzyl hydroperoxide to tiie 
5 original charge of 5000 parts of ciunene. 
No further addition of initiator was neces- 
sary as long as the oxidation was main- 
tained in operation. After tLe oxidation 
reaction once had been started and the 
10 amount of a,a-dimethylbenzyl hydroper- 
oxide had reached the level of about 30% 
by weight based on the total charge, the 
hydroperoxide content was maintained at 
this level and a portion of tlie reaction 
15 product continnonsly withdrawn into the 
decomposition unit. Within the decom- 
position unit the pressure was maintained 
at 200 mm. Simultaneously with the in- 
troduction of the oxidation reaction pro- 
21) duct, there was fed into tbe decomposi- 
tion unit a slurry of an acid-treated 1)en- 
tonite in cumene, the amount of the 
bentonite catalyst being about 2% based 
on the amount of hydroperoxide being in- 
25 troduced. The -decomposition was carried 
out continuously by this procedure, the 
h«it of reaction being sufficient to main- 
tain the temperature at the desired level. 
The catalyst was constantly removed 
80 from the cumene slurry by means of cen- 
trifuging, the acetone was recovered from 
the condensation units, and the phenol- 
unreacted cumene reaction mixtiu-e was 
continuously fed into a distillation unit 
Zb which was operated at a pressure 150 mm. 
and a reflux ratio of 5. The cumene re- 
covered from the distillation was fed 
back to the oxidation unit as part of the 
cumene utilized to maintain the oxida- 
40 tion unit in constant operation. The 
phenol obtained from the distillation of 
the phenol-unreacted cumene mixture was 
subjected to additional distillation under 
a pressure of 100 mm. and using a reflux 
if ratio of 3. The overall yield of phenol 
was 95% of th.e theoretical based on the 
amount of cumene. On the same basis the 
yield of acetone was 93.5%. 
Although tbe examples have set forth 
50 the use of cumene, ^cymene.-and diiso- 
propylbenzene as the materials to which 
the oxidation has been applied, otter com- 
pounds having the structural formula 
previously set forth for the alkyl-substi- 
65 tuted aromatic organic compounds may be 
utilized. Exemplary of such are seohufjl' 
benzene, p-etnylisopropylben^ene, and 
isopropylnaphthalene. The main-require- 
ment for tne compounds which may be 
6U oxidized in accordance with this inven- 
tion is the presence of a tertiary carbon 
atom carrying a hydrogen atom as its 
fourth snhstituent. As shown by the siruc- 
tural formula^ the carbon atom is terti- 
15 ai^ because it is dAiecltly connecfted to 



three other carbon atoms contiuned in the 
groups represented by R^, ILj and Ar. The 
aryl and alkaryl groups need not be 
derived from benzene as is the case in p- 
cymene, cumene, diisopropylbenzen, and 70 
^&t>-butylbenzene. Compounds containing 
aromatic nuclei such as those derived from 
naphthalene, anthracene and phenan- 
threne also are operahle, but these com- 
pounds, being solids, must be dissolved 75 
in a suitable solvent, such as benzene, dui*. 
ing the liquid phase oxidation. In addi- 
tion, the aryl group may be substituted 
with allcyl groups, as illustrated by the 
methyl group in ^cymene and the iso- 80 
propyl group in ausopropylbenzene, and 
the groups may, for example, be methyl, 
ethyl, propyl, isopropyl, butyl isobutyl, 
secondary butyl or tertiary butyl. The 
alkyl groups, as represented by and 85 
UL the structural formula, also need not 
be limited to the methjrl groups of p- 
cymene, cumene, and diisoprop^benzene. 
Other altfl groups, such as tiiose previ- 
ously indica^ted as suitable for substitu- 90 
tion in the aryl groups, may be utilized, 
and and Eg may be either the same or 
different. 

The examples have set forth the use of 
molecular oxygen and air as the oxyg^- 95 
contaiaing gas^ but the oxygen may be 
furnished also m mixtures of oxygen with 
nitrogen or other inert gases. Oxygen, 
when used alone, may be in the form of 
pure or commercial oxygen. Air may be IQU 
utilized as it is readily available, but it, 
as well as the molecular oxygen or oxy- 
gen-inert gas mixtures, shouM be dry. 
Furthermore, it is advisable, but' not 
necessary, to wash the air with a caustic 10& 
solution in order to remove carbon dioxide. 
The rate of input of the oxygen-containing 
gas may vary within a wide range, depend- 
ing on the concentration of oxygen in the 
g^s, the pressure at which the oxidaKon HQ 
is carried out, and th© efficiency of dis- 
persion. In general, at atmospheric pres- 
sure the rate of input will vary from aiout 
one liter to about lOO liters per hour per 
tilogram of the alkyl-substituted aromatic 115 
organic compound, a pref^ble rang© on 
this, basis being from about 6 to about 25 
liters per hour per tilogram. At super- 
atmospheric pressures, for sample, 5D to 
200 pounds per square inch, the rate of ion 
input n^ay be from about 50 to about 850 
liters per hour per Hlogram of th© oliyl- 
substituted aromatic organic compound, 
a preferable range being fron^ about 50 
to about 280 liters per hour per kilogram. 125 

One of the essential features of the 
process of this invention is the step of 
carrying out the oxidation in tie presence 
of a peroxidic free-radical oxidation 
initiator such as a tertiaiy organic hydlio- 130 
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peroxide LaTing the^straetaral formula 

i .. . 

as preyioTidy described. As indicated by 
the stmctural formula of these hydroper- 
» oxides, the same limitations as to su&ti- 
tuent groups apply as in the case of the 
structural formula representing the aliyl - 
substituted aromatic organic compounds 
^vhich may be oxidized- In other words, 
10 these hydrbperoxidea which may be used 
as initiators in the process of this inven- 
tion are the hydroperoxy derivatives 
obtained by the oxidation of the alkyl- 
substituted aromatic organic compounds 

15 previously described. . Exemplary of these 
hydroijeroxides which may be utilized in 
initiating the oxidation, process of this in- 
vention are a,a-dimetiiyibenzyl hydroper- 
oxide, obtained .by. the oxidation of 
20 cumene, a,a - dmethyl-^methylbenzyl 
hydroperoxide, obtained by the oxidation 
of 2^pnene, a^a^dimethyl-^isopropyl- 
beuzyl hydroperoxide and a,a, a^,a^-tetra- 
methyl-^xylylene dihydroperoxide, both 

25 obtained by "the oxidation of ^y-diiso- 
propylbenzene, and a,a-dimethyljaaph- 
thylmetliyl hydroperoxide obtained by 
the oxidation of isopropylnaphthalene. 
These hydroperoxide initiators, which 

30 may be named as a,(^-dialtylarylmethyl 
hydroperoxides, may be added to the com- 
pduUxd bein^ oxidized in the form of the 
pxtre hydroperosidft but, as shown by the 
examples^ it is.advanta^eous also to add 

35 the hydroperoxides ia 'Qie form of those 
hydroperoxide-rich oil^ obtadned from a 
previous oxidainon. The concentratioii. of 
the hydroperoxide in the hydropercmde- 
rich oils may b& increased, however, by 

40 removiiiff some of the hydrocarbon initi- 
ally oxidized, by fractional or steam dia- 
tillation.^ . . 

Jjx addition, however, to iiie above-des- 
cribed initiators, whidi preferably are 

4§ utilized because they are the type of 
hydroperoxide obtained in the oxidation 
process of this invention, there may be 
used iany peroxidao 0dbsbance Trhi(i..ifl.- 
capable of initiating a free radical oxida- 

60 tion chain under me conditions utilized. 
In genoral, there* "HiereEore may be used 
any organic peroxide, hydroperoxide or 
other peroxidic compouzLd capable of de- 
con^posing to form, organic free radicals. 

55 niuatrative of -&u<^' peroxidic s^terials 
are acetyl p^xide, benzoyl peroxide^ tri- 
phenylmethyl peroxide, ^-butyl peroxide, 
t-butyl hydroperoxide, t-amyi hydroper- 
oxide, diphenylm'ethyl hydroperoxide, 

60 tetralin hydroperDxide, irinhjenylm&thyl 
hydropgnffidde^ .;;.dm€5BUy(grdopeii1yl^ 



hydroperoxide, methylcyclohexyl hydro- 
peroxide, cyolohexene hydroperoxide, and 
naphtheue hydroperoxides. These perox- 
idic materials therefore include the acyl, 65 
aroyl, dialkyl, and diarallryl peroxides, 
and the alkyl, araJiyl, cydoaliyl and 
cycloalkenyl hydroperoxides. Other free 
radical imtiators, enxSi as hexaphenyl- 
etiiane, which are converted^ mto perox- 70 
idio materials during the oxidation pro- 
cess of this invention, also are operam.e. . 

The concentration of the peroxidic initi- 
ator may be varied over a fairly broad 
range. ' Using the hydroperoxides Jffe- 76 
pared during the proce^ of this invention 
as an example, if the hydroperoxide is 
furnished in the form of a hydroperoxide- 
rich oil, the amount of oil may vary from 
about 1 to about 50%, based on the alkyl- 80 
substituted aromatic organic compound, 
but a pref erstble range on this basis is from 
about 2 to about 20% » The amount, of 
hydroperoxide-rioh oil necessary will 
depend, of course, upon the concentration 85 
of the hydroperoxide in the oil. A smaller 
amount of an oil containing a high con- 
centration of hydroperoxide will be neces- 
sary tlian will be the case wherein an oil 
containing a low concentration pf hydro- 90 
peroxide is used. If a pure or substanti- 
ally pure hydroperoxide is used in initiat- 
ing the oxidation reaction, the concentra- 
tion, based on the amount of aUo'l-substi- 
tuted aromatic organic compouna, may be 95 
varied from about 0,01 to about 20%, a 
preferable range being from about 0.1 to 
about 10%. A oarticularly applicable 
amount of pure hydroperoxide is about 
3%, When initiating the oxidation of an 10( 
alkyl-subsitituted aromatic org^anic com- 
pound according to the process of this in- 
vention, it is praEoraHe to use as the initi- 
ator the hydroperoxide obtained by oxida- . 
tion of the same aromatic organic com- 10* 
pound. For example, in the oxidation of 
cumene, it is preferable to initiate the re- 
action by the addition of a,a-dimethyl- 
benzyl hydroperoxide. However, when "any . 
of the otiLer peroxidic initiators which jtre-Ht 
operable in Jlier5roc8ss^f-rt3ris^"invention 
axe'utilieed, their concentration relative 
'-t» the compound being oxidized may be 
the same as that set forth for the preferred 
hydroperoxides. 11 

As shown in Ib:amples 4 and 5, the oxi- 
dation nmy be carried out in the presence 
of analkahnestabilizingagent. In general, 
any alTraliTiB material may be used which 
does'iLOt reduce or react with the hydro- 12 
peroxide product^ Th& examples have 
diowxi 'Qte uBe of sodium 9irbut(mde and 
sodium hydroxide, but there also may be 
used other alhali metal and ftHraliue eajrth 
metal hydroxides, alkoxides, .and also 18 
8alta.of .thssfi metal&.witiL wea^.znorgaDic. 
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and organic acids. As examples of tlie temperature which should be used at 
alkali metal and alkaline earth metal atmospheric pressure in crder to obtain 
hydroxides, there may be mentioned high yields of hydroperoxides and mini- 
sodium hydroxide, potassium hydroxide, mum ketone formation is 100° C. 
• lithium hydroxide, calcium hydroxide. Temperatures greater than 100° C. 70 
barium hydroxide, strontium hydroxide, may be used, however, in the oxidation, 
and magaesium hydroxide. The alkoxides provided the pressure is increased to 
are represented by sodium m^thox- greater than atmospheric. Although ele- 
ide, sodium ethoxide, . sodium iso- vation^ of the temperature during the 

10 propoxide, sodium-7i-butoxide, and the ^Jcsidation to greater than 100° C. will 75 
corresponding potassium, lithium, cal- cause increased decomposition of the 
cium, strontium, barium and magnesium hydroperoxides to ketones, this is off- 
alcoholates. Exemplary of the ^I kal^ by the increased rate of 

metal salts of weak inorganic acids are hydroperoxide formation caused by the 

15 sodium tetraborate. tris:>dium phosphate, elevation of the j)ressure. In other words, 80 
and potassium carbonate. Examples of proper selection of pressure, tempera- 
alkali metal salts of weak organic acids tures above 100° C. may be used d:uring 
are those alkali metal gaits of acids which *^e pxidatipn to obtain in shorter lengths 
form soaps, such as the higher fatty 9^ time oxidation reaction products hav- 

20 acids, for example, stearic, oleic, pabni- i^g, hydroperoxide and ketone contents as 85 
tic, lauric, linoleic, ricinoleic, tne ccan- desirable as those reaction products 

mercially available mixtures obtained by obtained at a temperature of 10u° C. or 

th© hydrolysis or saponification of com- l^ss. The amount of ketone will not be out 
mercial oils and fatsj the resin acids or proportion to the amount of hydroper- 

25 commercial rosins and their modi&ca- oxide. Using pressure greater than atmos- 90 

tions, such as dihydrcabietie acid, tetra- pheric, the oxidation therefore may be 

bydroabietic acid, dehydroabietie acid, carried out at temperatures between 

hydroxytetrahydrooeitic acid, hydro- about 50° C. and about 150° C, a more 

fenated rosin, disproportionated or de- desirable range being between about 65° 

ydrogenated rosin, and polymerized C. and about 140° C, and a particularly 95 

rr)sin; and the naphthenic acids. advantageous range being between, about 

The amount of the alkali stabilizing and about 130° C. 
agent which may be used may, in general, T^e pressures which can be utilized 
be from about 0.1 to about 5%, fesed on during these oxidations carried out at 
55 the alkyl-Bubstituted aromatic organic greater than atmospheric pressures are 100 
compound, A preferable range on this limited only by equipment design. Prom 
basis is from about 1 to about 3%» ^ practical standpoint, pressures from 
The temperatures at which the oxida- atmospheric up to about 500 Ib./sq. in. 
tions are carried out are quite critical in feasible. A preferable ran^e is from 
40 obtaining optimum yielos of hydroper- aihout 50 to about 200 lb./ sq. m. 105 
oxides. The temperatures which actually Since the reaction is heterogeneous, 
may be used, however^ will depend on the suitable a.gitation is necessary. It is par- 
pressure existing during the oxidations, ticularly important to bring" the air, oxy- 
TJpon the basis of atmospheric pressure, or other oxygen-containing gas into 
46 the temperature should be in the rauffe of iiitimat« contact with the liquid phase, HO 
sb&ut 50° to about 100° C. a more desir- ^^d this may be effected by using high- 
able ran^e -being between about 65° and spee^ stirrers, suitable nozzles,' porous 
about 90° C.,- and a particularly advan- plates or their combinations, 
tageous range being between"" about 75° The course of the reaction may be fol- 
60 and about ^90° C. The minimum tempera- lowed by taking samples at intervals and 115 
ture at 50° C. is necessary since the rate' -determining the refractive index of the 
of reaction at, for example, room tern- oily" material. In the oxidation of 
perature, is to slow to be of commercial cumene, for example, refractive index 
significance ia the process of this inven- values between about 1.5020 and about 
15 tion. On the other hand, if the tempera- 1.5145 indicate that about 40 to about 120 
ture during oxidation is too high, the 80% of the original organic material has 
reaction occurs in such a manner as to been oxidized and Ihe reaction then is 
result in the formation of considerable advisably interrupted. Conversions from 
by-products. There may be, for example, about 40 to about 70% can easily be 
60 an excessive amount of ketone formed, obtained in the process of this invention 125 
In the case of cumene, for example, oxi- and high hydroperoxide yields may be 
dation at high temperatures at atmos obtained best by carrying the conversion 
pheric pressure will result in the forma- up to at least about 50%. 
tion of considerable amounts of aceto- The oxidation step of this iaveation 
65 phenone, consequently, the maximum affords a means of obtaining high yields 180 



,Y ^VAJlABLE copy 



676,770 



of a,a-dialEylaryline1iyl lydroperosides 
"w^liile at- tLe same time T pTniTm9;i7tg the 
f ormatioiL of other xeaction products, sucii 
as the correspondijaff alcoliols. Tie par- 
6 ticular type of oxidation described makes 
it possiMe to maintaiai- the difference, ..or- 
** spread betweeai total conTersiou to 
oxygenated products and actnal yield of 
hydropercKside at a Tm'-ninniTn. The 

10 masimnm spread tinder th&least desirable- 
conditions of the. process will not be 
greater tban about 10%, and by- proper 
selection of conditions the spread may be 
reduced to 1% or less. - It is entirely 

15 possible by the oxidaiion. procedure of 
this inTention to. obtain substantially 
complete conversion to "Hie hydroperoxide 
product. Tbis has not been possible by 

• previous, oxidation procedure?. -The 

20 fetter* generally have used catalysts such 
as ultraviolet fight or heavy metal ocdda-^ 
tion cai^ysts* to increase the rate of 
oxidation and fthe total^ conversion, to 
oxygenated products^ but §uok ejttalysts 

21 have also increased the fanount of decern- 
positzon: of the hydroperoxides, thereby 
fowisring the yiK[d -of the latter. In 
other words, tne spread between total 
conversion and actuaihydroperoxide yield 

M has been great, aisd.the reaction product 
consequently has been unsatisfactory due 
. to the existence of considerable amoun.^ 
of secondary reaction products. Some., 
prior processes' also have, "used Ein aqueous 

36 phase during the oxidation to hinder the 
formation oi certi^ undesirable reaction 
products such as substituted styrenes, 
which would polymerize^ to wastefal and 
annoying oxidation residaes;," but su-ch 

40 aqueous " phases " deoFease the xate 
of oxidation and undef certain con- 
ditions- cause . decomposition. <^f the^ 
hydroperoxides; Tie" oxidation procedure 
of the present invention^ beine carried out 

41 under anhydrous, non-catalytiq. condi- 
tions, in"the presence of aperoxidic oxida- 
tion iiutiator capabib "of ijutiating 
a free radical oxidation chain, . and 
with intimate fioJitact of • the xom- 

60 pound being oxidiaed with sufficient 
ajnounts of "Qxe oxygen - containing ' 
gas, obviates all. of the dmciJties tff other 
processes in obtaining bigb. bydro- 
peroxide yields to the practical exclusioxi 

u5 of secondary reaction products. It is 
apparent that the very nature qf .the 
oxidation insures its being economical, 
and in addition there is Ho problem* of 
separating the reaction .product from a 

60 soHd cfi^y^ or an additional . -Jiquid* 
phase. ' . ; . -r * 

The oxidation according. to this myejir. 
tion apparently proceeds by a peroxide 
mechanism. .Using. ' Qiimene as an 

6fi eixainple, when tbis compound, is oxidized* 



with molecular oxygen, a hydroperoxide 
is formed on- the ternary carbon atom of 
the isopropyl group.. In tib.e presence of 
the small .amount of peroxidic initiator 
utilized in accordance with this invention 10 
the formation of the hydroperoxide 
on the tertiaiy carbon of me iso- 
propyl group ijs facilitated. A very 
small fraction, of the p^oxidic initiator 
decomposes in the initLal stages of ^e 75 
oxidation^ resulting in the formation of 
free, radicals which are sufficient to 
•initiate the formation of hydroperoxide 
molecules from the cumene. TTtilization 
of ^ the peroxidic initiator during the SO 
oxidation step of the process of this 
invention prevents inbibition and the 
existexLce ef aai induction period. 

.In carrying out the deeoniposition step 
of thia invention, several di£erent modi£- S5 
cations of the a,o-dialhyIarylmethyl 
hydroperoxides prepared in tiie oxidation 
step may be utilized^ The entire process 
being continuous, the most convenient 
form of the hydroperoxide is that existin!? 9U 
in- the crude reaction mixture, obtained 
from the oxidation step.^ In carrying out 
the oxidation step the- oxidation usually 
h interrupted before all of the hydro- 
carbon ha& reacted in order to avoid or 9& 
limit side reactions. In this manner, the 
o-a-dialkylarylmethyl hydroperoxide is 
obtained- in mixture witii smaller or larger 
• amounts of the original hydrocarbon, 
which is an a,a-dialkyla^lmethane. Such 100 
reaction mixtures may be- used per $e in 
the .decomposition step of the process of 
this invention. The amount of unreacted 
hydrocarbon remaining in the oxidation 
reaction product then will act as at 105 
solvent during the^ decomposition xeaction 
of the hydroperoxide. 
. In the case it ig desirable, however, to 
obtain the hydroperoxide in a more con- 
centrated form,, the hydroperoxide may be 110 
separated from the other consti^jents-'o'f*- 
the crude oxidation, i?eactron mixture. 
The hyfippefoxiffes -may be separated 
irpmJ&B oxidation reaction mixtures by, 
. f^r • example, fractional distillation at 115 
vary low pressures^ of the order of 0.01 
to 1;0 mm; of mercury, the hydroperoxides 
bavinff higher boiling points flian the 
related hydrocarbon, alcohol and.i^lffier " 
In some.instajices the hydroperoxides also 120 
may be . separated from'tiie oxidation 
reaction mixtures by_ ory^stallization, 
which may be facilitated, by first distilling 
off at least part of the hydrocarbon. 
Another^metbod of separating the bydro- 125 
peroxide from the oxidation reaction mix- 
ture involves precipitation of the hydro- 
peroxide witb a concentrated aqueotis 
solution (25 to 40%) of sodium hydroxide. 
The precipitate is crystallin^r. Tl^e pre- 130 
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cipitaie of a,a-diinetliylbeii2yl iydro- the vapor phase. The iydroperoxide may 

peroxide, for example, analyzes for the be vaporized in the presence or absence 

Bodinm salt of the hydroperoxide asso- of a volatile solvent, n-nd brongbt into 

• ciated with four molecules of water. intimate contact with tie catalyst and the 

8 ^ The process of this invention therefore decomposition will readily occur. The fW 

is applicable not only to pnre or concen* vapor process is advantageous in tliat the 

trat^d hydroperoxides but also to mix- phenol product can be vaporized immedi- 

tures containing' varying amounts of ately from the reaction zone, but it is 

the hydroperoxides, for example, the important in such a process tbat tbe pro- 

19 crude reaction mixtures obtained in the duct not to be permitted to remain in the 75 
oxidation of the alkyl-substituted reaction zone for a lonpf period of time 
aromatic organic compounds previously since this will result in. the formation of 
described. In addition, either the pure undesirable by-products. 

or concentrated hydroperoxides or the In all inst^ces, whether the decompo- 

16 crude reaction mixtures containincr the sition reaction be carried out in the vapor ^ 

hydroperoxides may be dissolved in a or licjuid phase, the reaction medium 

suitable organic solvent which is inert to should be substantially anhydrous since 

any of the reactants, products or reaction the presence of water inhibits, and in 

conditions involved in the decomposition many instances completely baits the 

20 step of the process of this invention. In reaction. The amount of water which can 85 
other words, the solvent should be non- be tolerated in any particular instance 
reactive, under the conditions of reaction, will depend on the reactivity of the 

to the hydroperoxide, the catalyst, and hydroperoxide, the activity and amoxmt 

any of the phenolic or kentonio reaction of the catalyst, and tbe temperature and 

25 products obtained by the decomposition, pressure dunng the reaction. Am amount 80 

Exemplary of such solvents are the ali- of water up to about 10% based on the 

phatic, cyclo aliphatic, and aromatic weight of the total reaction mixture may 

hydrocarbons such as pentane, bexane, be tolerated under optimum conditions 

heptane, isooctane, cyclohexane, cyclo- involving high temperature, low pressure 

30 butane, cyclobeptane, benzene, toluene, and the use of a highly reactive catalyst. 95 

xylene, cmnene, and diisopropylbenzene. However, tie amount of water in the reac- 

Other operable solvents include alcohols, tion mixture ordinarily sbould not be 

ketones, ethers, esters, and liquid chlori- more than about 5%. Less than about 

nated hydrocarbons. Examplaiy of these 2% is preferable, and for optimum results 

35 are chloroform, carbon tetrachloride, water should be completely absent. 

ethylidene dichloride, ethylene dichloride, Removal of water from the reaction mix- 

methanol, ethanol, propanol, cyclo- tore during the- reaction may be facili- 

hexanol, acetone, methyl ethyl ketone, tated, as shown by some of tbe examples, 

diethyl ketone, cyclohexanone, methyl by usin^ reduced pressure. The water 

4D acetate, ethyl acetate, butyl acetate, also may be removed by addition of a dry- 

diethyl ether, ethyl methyl ether, ing agent, such as calcium chloride, 

dipropyl ether and ^ dibutyl ether. In calcium sulfate and calcium oxide, to the 

addition, various acidic solvents, such as reaction mixture, or by blowing a dry gas, 

glacial acetic acid, which ore inert in tbe such as air or nitrogen, througb tJhe reao- 

45 process but which may exert some cata- tion mixture. 110 

lytic activity may be used. Wlere sucb In the decomposition step of the process 

an acidic solvent is employed, the amount of this invention the catalysts which may 

of other catalyst may be reduced. The be used for decomposing the a,a-dialkyl- 

concentration of the solvent and the a, a- arylmethyl hydroperoxide to a phenol' in 

50 dialfcrlarylm ethyl hydroperoxide iji the non-aqueous medium are (besides those 118 

solution to be used during the decomposi- shown in the above examples and consist- 

tion reaction may be varied very widely, iiu? of montmorillonite, anhydrous ferric 

The concentration of the hydroperoxide is chloride, acid treated bentonite, boron 

limited, in other words, only by tbe trifluoride) kaolinite (Peerless clay), 

55 reactivity of the hydroperoxide during vermiculite, silica gel, kaolin, fuller's 120 

the decomposition, the effectiveness of tbe earth, diatomaceons earth, halloysite, 

catalyst, and the temperature and pres- phosphoric acid on alumina, titanium 

sure used. In other words, the concen- oxide, phosphorus trichloride, phosphorus 

tration of the hvdroperoxide may be pentachloride, pbosphorus oxychloride 

60 selected so that under the desired reaction and phosphorus pentoxide; furthermore 125 

conditions the conversion takes place at a basic oxides sucb as alumina; IViedel- 

controUable rate to give a satisfactory Crafts catalysts such as aluminium 

amount of conversion product. chloride, zinc chloride, stannic chloride 

The decomposition reaction also may be and magnesftim chloride, all of whicb 

8& carried out, as shown in Example 5, in may be supported on camerslvfaich them- 180 
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selves may isve .catdytic-acldTity; CTtr- 
face actire substaacea siicli as the silicates, 
silica g-dj HeSelgubx, Hyrosilicates, and 
batEnte, pKospltoric acid on fuller's eortli 
•'or silica; mor^^mie acids, for esample, 
tydroffen cUonde and organic acids j for 
axajDLj^e, picric acid, clilorinesubstitxited 
acetic acids,: naindj^, tricUoroacetic 
ift dicliloroacetic acid and ctloroacetic 
acid, and also -acid treated -clay. 

The concentration of the catalyst Tiased 
on the hydrdp^oxide will depend on the 
reactivity of the catalyst, the' tempera- 
IK *P® "^^^ reaction and -^e- desired reaction 
Id time^ The cono&Ltration'anay he vari^ 
wideily, in other iTords, hnt gener^y-inay 
be from; about €,01-% ' to abbiit 200 % ; A 
preferable catalyst coneentratitm on thie 
basis is from about -1% to about -20% 
and a particularly applicablei ' amount in 
most instances -is about 5%; In thi9 case 
of those caiialysts wherein it is possibl^'to 
calculate their malar concentrations rela- 
tire to the hydropferoxide, the range of 
SS; cataly^ concentration may be expressed 
as from about 0.01 mole p^ cent to about 
300 mole per -eent- based on the hydro- 
peroxide, a preferable rfin^e on this -basis 
being from about 1% to aboTit lO%. In* 
30 continuous operatioii the ratio of catalyst 
to hydroperoxide at any particular instaat 
may be as high, aff 100 to 1,-dependinfe- 
m)on the design pf theTeactor, the size of " 
the catalyst partaoles; and tite rkte of 'flow 
35 of 4ihB hydroperoxide over the' catalyst 
bed. As shown by "the examples,- the 
cahJyst may -be utilized in the" reaction 
either per se or dissolved or suspended in 
a- suitable* solvent-.-' Particularly in the ' 
40 case of those" catalysts which to solids 
and therefore used as -suspension in a sol- 
■vent it U desirable that efficient- agita- 
tion be utilized in order to* bringHihe 
hydroperoxide into dose contact- wim the 
45 catalyst. Such agitation may be ^Wained 
through use of meahanical stirrers'or 'by 
passing a stream of a ga& such ad air 
throT^h the - reaction • midmre." The' 
activity of ihe cataJvst increases "with -its 
oO acidity. 'In general, tbe more^ acid the 
caisBdyst,- ilie more- rapid will be lie 
decomposition reaction," but basic <iaia-i 
lysts may be quite effective;* r 

The temperature which • may be -used 
65 during" the decomposition reaQtitfn may be 
varied wide ly^ depending upon," mainly , 
the :activity of the -catalyst. Some of the 
catalysts which are 'operable in acc^- 
dance witiL the M*ocess'of this -invention 
60 nre not ^±remeiy reactive at relatively 
low temperatures, for ex:ample, 20" C, to 
50* 0., out are operable at higher tem- 
peratures, • for example, lOO**^- 0. The 
temperature at which the reaction is car- 
65 ried out therefOTo will depend -upm the 



pLxticulaf catalyst utilized, ' "However,- 
generally spearing, • && decompositien 
reaction may be eifected over a tempera-? 
ture range of about -SO'' f?. to about ^ 
400' C. A pr^eraljle temperature range 7 
within which the reaction may be carried 
out in liquid phase is about 0* C. to about 
200 C, and a "particularly applicable 
temperature for a liquid phase system and 
. a relatively efficient catalyst is about ' 
20" C. When the decomposition reaction 
is carried out in the vapor pliase a pcre^ 
ferable temperature* range is about" 150** 
to about 350" G.* * ' ' 

Most 'of the examples have' sliown the ^ 
decoiupoHition' reaction as being carried out 
at atmosplerfc pressure but some of l3ie 
examples have shown the use of reduced 
pressure. It'has'be^ fouiid that in some 
instances the fate of reaction is increased 8 
by carrying out the decoinposition under 
reduced pressure since this hdps to reinoTe 
any trace of water whfch may exist in the 
reactanis ui' wliicli may be formed during 
the reaction itedB.— It is obvious, (rf ft 
course, that the reaction also may be' 
carried out under pressures greater than' 
atmospheric. A broad range of pressure 
conditions is possible in effecting* the" 
decomposition reaction, but from the W 
standpoiiit of practicability, the reaction 
preferably is earned* out either at atmos- 
- phene or slightly less than atmospheric 
pressure. ' ■ • • • 

. ?J^.^o^*i3a.uous process of this invention 1( 
IS a'dvantageous in its simplicfty.' irsin<> 
cumene as an example, lie cumene is con^ 
tinuously oxidized; a portion of the oxida- 
tion reaction mirfeure, containing a,a- 
dimethylbenzyl hydroperoxide, constantly 10 
withdrawn and transferred to the decom- 
position unit wherein the hydroperoxide 
is decomposed iminediately, and* the 
phenol and acetone feaciiott products" and 
unreacted ountene - ure" - recovered, the H 
upreacted cumene then being fed back" to 
the oxidation unit to mate xcp part of the 
CTOlene. feed. The cumene recovered 
from the decomposition reaction mixture 
IS freed- at. aaoy contaminating phenol 1] 
before Uuxff^ recycled to the oxWation 
inut, and this inay be accomplished as- 
shown by the examples, either by efficient 
fractional distillation or by clinical 
treatment such as washing out the phenol l£ 
I?- a dilute aqueous caustic altali solu- 
tion.. The traces of pheiiol also maybe ' 
removed from the recycle cumene by 
precipitation with liquid ammonia. 

Cme outstanding advantage of the pre- IS 
sent process over other processes for the 
productibn of phenol lies in the fact that 
xt IB earned out under substantiallv 
aiuiydrous conditions. This is in dire&fc 
eontrast fa -Hfe aqn^ms eysfiems whicb 13 
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necessarily must be used when plienol is 
obtained by tbe bydrolysis of, for 
example, ctlorobenzene or benzene 
sulfonate. In tbose processes involving 
5 such a hydrolysis, me aqueous phase 
necessarily is contaminated with phenol 
and there therefore exists a larg^e problem 
in plants operating such processes for the 
disposal of the phenol-contaminated waste 

10 water, since the presence of phenol m 
water generally is undesirable, as when 
the water later may be utilized for driuk- 
inff pnrposes. 

The process in accordance with this 

11 invention represents a more economical 
and efficient means for obtaining not only 
phenol itself but also other phenolic com- 
pounds such as p-cresol and hydroquinone. 
The latter two compounds are, of course, 

20 obtained by the decomposition of a,a- 
dimethyl-p-methylbenzyl hydroperoxide 
and a,a,a^,a*-tetpamethyl-2Ksylyfcne di- 
hydroperoxide, respectively. Due to the 
simple nature of the process, the latter 

26 will be found particularly applicable to 
small scale installations and will not 
require the vast outlay of capital and 
equipment required by previous pro- 
cesses. 

BO Reference is- made io British Patent 
Specification IsTo. 626,095 which was not 
published before the date of this applica- 
tion wherein the oxidation is carried out 
in the absence of an added free radical 

SI liberating initiator and the decomposition 
is effected by means of acid. 

Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 

40 be performed we declare tiiat what we 
claim is: — 

1. The process of preparing a phenol 
from an alkyl-substitnted aromatic com* 
pound of the formula 

45 Ar--C5— H 

in which Rj and Ra represent alkyl groups 
and Ar represents an aryl or alkaryl group 
which comprises adding a peroxidio free- 
radical liberating initiator to said organic 
M compound, contacting the mixture in the 
liijuid phase under anhydrous conditions 
with a molecular oxyg^en containing gas 
to obtain an organic hydroperoxide, con- 



tacting the hydroperoxide containing 
reaction mixture under substantially 5S 
anhydrous conditions with a decomposi- 
tion agent as hereinbefore defined, 
separating in the known manner as here- 
inbefore defined the aliphatic ketone, 
phenol and unreacted alk^^l-substituted 60 
aromatic compound, ptirifying said 
unreacted aromatic compound and recycl- 
ing* the purified compound to the oxida- 
tion stage. 

3. Process according to claim 1^ in 6S 
which air or oxygen is used as the oxygen- 
containing gas. 

3. Process according to olaim 1 or 2, in 
which the decomposition of the hydro- 

Eeroxide is carried out under a pressure Ct 
iss than atmospheric. 

4. Process according to claim 1, 2 or 3 
in which the catalyst is an organic acid 
catalyst, 

5.. Process according .to claim 1, 2 or 3, Tf 
in which the catalyst is an acid-treated 
clay. 

D. Process according to any of the pre- 
ceding claims, which comprises the pre- 
paration of phenol from cumeae. 80 

7. Process according to^ daim 6, in 
which the initiator is o,a-Hdiinethylbenzyl 
hydroperoxide. 

8. Process according to any of claims 
1—5 which comprises the preparation of 85 
pHiresol from 2>-cymene, 

9. Process according to daim 10, in 
which the initiator is a,tt-dimetiiyl-2?- 
methylbenzyl hydroperoxide. 

10. Process according to any of claims 00 
1—6, which comprises the preparation of 
hydroquinone from ^diisopropylbenzene. 



in 



11. Process according to daim 10, 
which the initiator is a,a-dimethyl- 
isopropylbenzyl hydroperoxide. 95 

12. Process accordinff to any of the pre- 
ceding claims, in which ^ an aliphatic 
ketone is added to the reaction mixture. 

13. The process of preparing a phenol 
from ^ an aDcyl-substituted aromaticlOO 
or^ranic compound, substantLally as des- 
cribed with referensce to the lor^ingi 
examples. 

Dated this 16th day of December, 1948. 

HASELTESIE, LAXE & CO., 
28, Southampton Buildings, London, 
England, 
and 

19—25, West 44th Street, Kew York, 

1T:S.A. 
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